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(54) SOLID OXIDE FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve durability of a solid oxide fuel 
cell. 

SOLUTION: The solid oxide fuel cell includes a power generating cell 1 
with a fuel electrode layer 4 and an air electrode layer 2 disposed on 
both faces of a solid electrolyte layer 3, wherein intemiediate layers 5, 5 
comprising an oxide ion conductor or an electron - oxide ion mixed 
conductor are formed on both faces of the solid electrolyte layer 3. 
Through such a structure of the solid electrolyte layer 3. a uniform 
compressive stress is applied to both faces of the solid electrolyte layer 
3 at baking, by contraction of the intermediate layers 5, 5, by which the 
solid electrolyte layer 3 is reinforced to prevent cracks of the power 
generating cell 1 . and separation resistance of the solid electrolyte layer 
3 and the fuel electrode layer 4 Is improved and durability of the solid 
oxide fuel cell is enhanced. 
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JPO and NCEPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The solid acid ghost mold fuel cell characterized by considering as the structure 
of forming the interlayer (5 5) who grows into both sides of said soUd electrolyte layer (3) 
with an oxide ion conductor or an electronic-oxide ion mixed conductor in a solid acid ghost 
mold fuel cell equipped with the generation of-electrical energy eel (l) which allotted and 
constituted the fuel electrode layer (4) and the air electrode layer (2) to both sides of a solid 
electrolyte layer (3), and applying compressive stress beforehand from both sides of the 
soUd electrolyte layer (3) concerned. 

[Claim 2] Said interlayer (5 5) is a soUd acid ghost mold fuel cell according to claim 1 
characterized by changing by 0(Ce, Sm) 2 (samarium addition Seria). 

[Claim 3] A solid acid ghost mold fiiel cell given in any of claim 1 characterized by forming 
said air electrode layer (2) and said fuel electrode layer (4), or claim 2 they are, after 
forming an interlayer in both sides of said soUd electroljrte layer (3). 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the improvement in endurance of a soUd 
acid ghost mold fuel cell especially about the solid acid ghost mold fuel cell which allotted 
and constituted the fuel electrode layer and the air electrode layer to both sides of a soUd 
electrolyte layer. 
[0002] 

[Description of the Prior Art] As for the solid oxide fiiel ceU with the laminated structure 
whose solid electrol5rte layer which consists of an oxide ion conductor was pinched between 
the air electrode layer (oxidizer electrode layer) and the fuel electrode layer, development 
is progressing as a fuel cell for a generation of electrical energy of the third generation. In a 
solid oxide fuel cell, fuel gas (H2, CO, etc.) is supplied for oxygen (air) to an air pole side at 
a fuel electrode side. As for the air pole and the fiiel electrode, let aU be porosity so that gas 
can reach an interface with a solid electrolyte. 

[0003] The oxygen supplied to the air pole side reaches near the interface with a solid 
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electrolyte layer through the pore in an air electrode layer, it is this part, and receives an 
electron from an air pole and is ionized by oxide ion (02"). This oxide ion carries out 
spreading diffusion of the inside of a solid electrolyte layer toward the direction of a fuel 
electrode. The oxide ion which reached near the interface with a fuel electrode is this part, 
it reacts with fuel gas, produces resultants (H2 O, C02, etc.), and emits an electron to a 
fuel electrode. 

[0004] The electrode reaction at the time of using hydrogen for a fuel is as follows. 
Air pole 1/2 02 -> H2 O[0005] : 1/2 02+ 2e- -> 02- Fuel electrode: H2+ 02- •> H2 0+2e- 
Whole • H2+ Since a solid electrol5rte layer functions also as a septum for not contacting 
fuel gas and air directly while it is the migration medium of oxide ion, it has precise 
structure of gas impermeability. This solid electrolyte layer has high oxide ion conductivity, 
it is chemically stable under the conditions from the oxidizing atmosphere by the side of an 
air pole to the reducing atmosphere by the side of a fuel electrode, it is necessary to 
constitute from an ingredient strong against a thermal shock, and, generally the fully 
stabilized zirconia (YSZ) which added yttria is used as an ingredient which satisfies these 
requirements. 

[0006] On the other hand, each of air pole (cathode) layers which are electrodes, and fuel 
electrode (anode) layers needs to consist of high ingredients of electronic conduction nature. 
In the perovskite mold oxide ingredient and concrete target which are unsuitable as for a 
metal and have electronic conduction nature since an air pole ingredient must be 
chemically stable in the oxidizing atmosphere of the elevated temperature around 700 
degrees C, it is LaMn03. Or generally LaCoOS or the soUd solution which permuted a part 
of these La by Sr, calcium, etc. is used. Moreover, a fuel electrode ingredient has common 
cermets, such as metals, such as nickel and Co, or nickel-YSZ, and Co-YSZ. 
[0007] There are a thing of an elevated-temperature actuation mold to operate at the 
elevated temperature around 1000 degrees C and a thing of a low-temperature actuation 
mold to operate at the low temperature around 700 degrees C in a solid acid ghost mold 
fuel cell. By making thin thickness of the fully stabilized zirconia (YSZ) which added the 
yttria which is an electrolyte as much as possible, the solid acid ghost mold fuel cell of a 
low-temperature actuation mold makes electrolytic resistance low, and the 
generation-of-electrical-energy eel improved so that it might generate electricity as a fuel 
cell also at low temperature is used for it. 

[0008] Thus, while many researches accomplish conventionally about the material of the 
above-mentioned solid electrolyte layer and various amelioration accomplishes also about 
a generation-of-electrical-energy eel, it has resulted in current. 

[0009] Drawing 2 shows the internal structure of the generation-of-electrical-energy eel in 
the conventional solid acid ghost mold fuel cell, and signs 2 are [ a solid electrolyte layer 
and the sign 4 of an air electrode layer and a sign 3 ] fuel electrode layers among drawing. 
In the former, the generation-of-electrical-energy eel 1 of 3 layer structures which formed 
the direct air electrode layer 2 and the fuel electrode layer 4 on the solid electrolyte layer 3 
as shown in this Fig. is common. 
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[0010] 

[Problem(s) to be Solved by the Invention] By the way, although the 
generation-of-electrical-energy property (current-electrical-potential-difference-power 
property) which was excellent in the short-term generation-of-electrical-energy trial is 
acquired if it is in the generation-of-electrical-energy eel 1 of the above-mentioned 
structure, the cracking resistance (craclO of the generation-of-electrical-energy eel at the 
time of a generation of electrical energy, the generation-of-electricahenergy performance 
degradation in a long-term generation-of-electrical energy trial, etc. pose a problem. It is 
thought that the crack of a generation-of-electrical-energy eel has the large place depended 
on the thermal stress produced in the temperature distribution in the eel in the ease of a 
generation of electrical energy (at the time of a temperature up), and it originates in using 
the very thin ceramic material whose thickness is about 200 micrometers as a solid 
electrolyte layer. Moreover, about degradation of a generation-of-electrical"energy property, 
the exfoliation phenomenon of an electrode layer (especially fiiel electrode layer 4), the 
counter diffusion of the metallic element between the solid electrolyte layer 3 and an 
electrode layer, etc. are respectively considered to be the main causes with the solid 
electroljrte layer 3. 

[00 11] In the case of the solid acid ghost mold fuel cell, to have the endurance of at least 
40,000 - 50,000 hours in the generation-of-electrical-energy eel with which practical use is 
presented is needed, but conventionally which is shown in drawing 2 , in the case of the 
generation-of electrical-energy eel 1 of structure, even if long, degradation of a 
generation-of electrical-energy property is accepted in the durability test of about 100 
hours, and many problems which should be conquered still more are left behind to 
utilization. 

[0012] This invention aims at offering a soUd acid ghost mold fiiel cell with the high 
endurance which aimed at cracking-resistant improvement in a 

generation-of-electrical-energy eel, and improvement in the peeling resistance of a solid 
electrolyte layer and a fuel electrode layer in view of the above-mentioned conventional 
trouble. 
[0013] 

[Means for Solving the Problem] Namely, this invention according to claim 1 is set to a 
soHd acid ghost mold fiiel cell equipped with the generation-of-eleetrical-energy eel (l) 
which allotted and constituted the fuel electrode layer (4) and the air electrode layer (2) to 
both sides of a solid electrolyte layer (3). The interlayer (5 5) who changes with an oxide ion 
conductor or an electronic-oxide ion mixed conductor is formed in both sides of said solid 
electrolyte layer (3), and it is characterized by considering as the structure of applying 
compressive stress beforehand from both sides of the solid electrolyte layer (3) concerned. 
[0014] Moreover, said interlayer (5 5) is characterized by this invention according to claim 
2 changing by CeSm02 (samarium addition Seria) in a soUd acid ghost mold fuel cell 
according to claim 1. 

[0015] Moreover, in the solid acid ghost mold fuel cell according to claim 1 or 2, after this 
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invention according to claim 3 forms an interlayer in both sides of said solid electrolyte 
layer (3), it is characterized by forming said air electrode layer (2) and said fuel electrode 
layer (4). 

[0016] With the above-mentioned configuration, in order for compressive stress to join both 
sides of a solid electrolyte layer (3) equally, while a solid electrolyte layer (3) is 
strengthened by contraction operation of the interlayer at the time of electrolyte layer 
baking (5) and the crack of a generation-of-electrical-energy eel (l) is prevented according 
to it, the contact nature of a sohd electrolyte layer (3) and each electrode layer improves by 
existence of an interlayer (5), and the peeling resistance of a sohd electrolyte layer (3) and 
a fuel electrode layer (4) is improved especially. 
[0017] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained 
based on drawing 1 Drawing 1 is the sectional view showing the structure of a 
generation-of-electrical-energy eel where this invention was applied. 

[0018] As shown in drawdng 1 , the generation-of-electrical-energy eel 1 of this operation 
gestalt consists of an air electrode layer 2, a solid electrolyte layer 3, and a fuel electrode 
layer 4, and said air electrode layer 2 and said fuel electrode layer 4 are arranged in the 
both sides, respectively so that the solid electrolyte layer 3 may be put. 
[0019] here - an air electrode layer 2 - LaMn03 and LaCo03 etc. " constituted, the soUd 
electrolyte layer 3 consists of fiiUy stabilized zirconia (YSZ) which added yttria, and the 
fuel electrode layer 4 consists of cermets, such as metals, such as nickel and Co, or 
nickel-YSZ, and Co'YSZ, etc. Moreover, the structure of this solid electrolyte layer 4 is 
different fi-om the conventional type shown in drawing 2 , and the interlayers 5 and 5 of 
given thickness are formed in those both sides, i.e., the interface by the side of the air 
electrode layer of the solid electrolyte layer 4, and the interface by the side of a fuel 
electrode layer. As these interlayers' 5 and 5 ingredient, an oxide ion conductor or an 
electronic-oxide ion mixed conductor is suitable, and CeSm02 (samarium addition Seria) is 
used with this operation gestalt. 

[0020] It is necessary to carry out the temperature up of the interior of a battery module to 
predetermined temperature in the so-called fixed electrolyte type of fuel cell at the time of 
starting (at the time of generation-of-electrical-energy initiation). As mentioned already, 
the operating temperature of an elevated-temperature actuation mold becomes 
700-degree-C order also with 1000-degree-C order and a low-temperature actuation mold, 
and, in any case, the generation-of-electrical-energy eel itself will be exposed to the bottom 
of hot environments. For this reason, temperature distribution sometimes arise in a 
generation of-electrical energy eel side, and a cracking crack (crack) arises in a 
generation of-electrical energy eel (sohd electrolyte layer 4) in the thermal stress in that 
case. 

[0021] By the way, generally, a ceramic ingredient has the property which a crack tends to 
produce, when it pulls on a firont face and the force is added. Therefore, the reinforcement 
of an ingredient can be improved several times by making the condition of having applied 
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compressive stress to the front face beforehand from a ceramic member which requires 
especially endurance. 

[0022] This invention is what paid its attention to the strengthening structure of such 
ceramic material, and as it forms interlayers 5 and 5 in both sides of the solid electrol5rte 
layer 3 as described above, and it applies compressive stress to the solid electrolyte 3 
concerned beforehand, it strengthens the soUd electrolyte layer 3. 

[0023] It is CeSm02 by screen printing etc. to both sides of the green sheet fabricated with 
this operation gestalt in the shape of sheet metal by the doctor blade method etc. in the 
manufacture process of the generation-of-electrical-energy eel 1 when forming the 
electrolyte layer 3. It is applied and baking is performed after that. The solid electroljrte 
layer 3 in the condition that compressive stress was equally applied to both sides from the 
outside according to the difference of the rate of a heat shrink of the solid electrolyte layer 
3 at the time of this baking and an interlayer 5 can be fabricated, thereby, the 
reinforcement of the fixed electrolyte layer 3 can improve sharply, and the crack of the 
generation*of-electrical-energy eel 1 by the temperature up at the time of a generation of 
electrical energy etc. can be prevented now. In addition, let contraction be a CeSm02 > 
electrolyte layer. Said air electrode layer 2 and said fuel electrode layer 4 will be formed so 
that the solid electrolyte layer 3 which formed interlayers 5 and 5 in both sides through 
spreading / baking stroke of the fuel electrode ingredient by screen printing etc. and 
spreading / baking stroke of an air pole ingredient may be put after baking of a solid 
electrolyte layer. , 

[0024] Moreover, with the above-mentioned configuration, in addition to the improvement 
effectiveness in on the strength of the solid electrolyte layer 3, the contact nature of the 
sohd electrolyte layer 3, and an air electrode layer 2 and a ftiel electrode layer 4 improves, 
and the peeling resistance of the solid electrolyte layer 3 and each electrode layer is 
improved according to the precise structure which interlayers 5 and 5 have. In addition, 
CeSm02 By using it and giving an interlayer 5 electronic conduction nature, the contact 
resistance of an interface part can be reduced and the generating efficiency of the 
generation-of-electrical-energy eel 1 can be improved. 

[0025] More.over, if an interlayer 5 is too thin, compressive stress will decrease, sufficient 
improvement in on the strength will not be obtained, but when too thick on the contrary, 
the resistance loss in an interlayer will increase. Therefore, it is necessary to set up an 
interlayer's 5 thickness in consideration of the field of the improvement in on the strength, 
and both sides of resistance loss. 
[0026] 

[Effect of the Invention] Since it considered as the structure which forms an interlayer in 
both sides of a solid electrolyte layer according to this invention as explained above, while 
both sides of a solid electrolyte layer will be equally joined by compressive stress and the 
cracking resistance of a generation-of-electrical-energy eel improves by this, the peeUng 
resistance of a solid electroljrte layer and a fiiel electrode layer is also improved, and, 
therefore, the endurance of a solid acid ghost mold ftiel cell improves. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The sectional view showing the structure of a generation-of-electrical-energy 
eel where this invention was apphed. 

[Drawing 2] The sectional view showing the structure of the conventional 
generation-of-electrical-energy cel. 
[Description of Notations] 

1 Generation-of-Electrical-Energy Gel 

2 Air Electrode Layer 

3 Solid Electrolyte Layer 

4 Fuel Electrode Layer 

5 Interlayer 
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